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11 YEARS OF
 RHIC OPERATION

PHENIX PUBLISHED
11 open heavy flavor papers

10 quarkonia papers
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... and two BIG surprises 

 heavy and light quark mesons are 
equally suppressed at high pT

 heavy quarks were expected to 
lose less energy

 no obvious pattern with energy 
density
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Measures leptonic decays of heavy flavor and quarkonia
Results in p+p, d+Au, Cu+Cu and Au+Au at s1/2=200

in forward and mid rapidities
open heavy flavor->leptons, J/ψ,ψ’,χc,Υ(1S,2S,3S)

h

µ

|y|<0.35  ΔΦ=2xπ/2 1.2<|y|<2.2   ΔΦ=2π
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Heavy Quark Production
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p+p -> HF + X  at mid rapidity
 PRL 97, 252002 (2006)

|y|<0.35
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p+p -> HF + X  at mid rapidity
  long paper with analysis details of the p+p and 

Au+Au submitted
arXiv:1005.1627v2

 PRL 97, 252002 (2006)

|y|<0.35
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p+p -> HF + X  at mid rapidity
  long paper with analysis details of the p+p and 

Au+Au submitted
arXiv:1005.1627v2

  long standing discrepancy resolved

 PRL 97, 252002 (2006)

|y|<0.35

 NLO HF calculation with <kT>2=1GeV2/c2 

matches our experimental result 

 working towards the extension at high pT 

[Matt Durham’s talk this afternoon]

[PRL98:192301,2007, Erratum-ibid.106:159902,2011] 

new STAR 
result

NEW PRELIMINARY RESULT

|y|<0.35

[W.M.Alberico, et al.
 arXiv:1101.6008]
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p+p -> HF + X at forward rapidity

1.4<y<1.9

In agreement with previous PHENIX 
publication  PRD 76, 092992 (2007) 

PHENIX Preliminary

FONLL: M. Cacciari, P. Nason, R. Vogt PRL95,122001 (2005)
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 Challenging measurement given the large 
fraction of h->µ decays before hadron 
absorbers

h

µ

h
µ
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 Challenging measurement given the large 
fraction of h->µ decays before hadron 
absorbers

h

µ

h
µ

 yield larger than FONLL calculation, 
looking forward to comparison with 
calculations including <kT>2

8

p+p -> HF + X at forward rapidity

1.4<y<1.9

In agreement with previous PHENIX 
publication  PRD 76, 092992 (2007) 

PHENIX Preliminary
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 can cold nuclear matter effects 
explain the large suppression seen in 
Au+Au collisions?

Understanding HF RAuAu
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 can cold nuclear matter effects 
explain the large suppression seen in 
Au+Au collisions?

Understanding HF RAuAu

 new preliminary measurement of 
electrons from HF decays in d+Au 
collisions answers this question, NO! 

[Matt Durham’s talk this afternoon]
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Understanding HF RAA

[Matt Durham’s talk this afternoon]
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 we explore HF suppression by varying 
centrality and ion species

 peripheral Au+Au and central Cu+Cu 
show little suppression

 comparison with d+Au data indicates 
cold nuclear matter effects may be 
dominant 

Understanding HF RAA

[Matt Durham’s talk this afternoon]
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Vertex detectors

VTX |y|<1

 taking data right now in Au+Au collisions

FVTX 1.2<|y|<2.4

 large reduction of backgrounds → smaller systematics
 c/b separation through displaced vertices

 will also improve mass resolution 
allowing ψ’ measurements at forward 

rapidity

 starting in 2012 runσ ~ 100μm
beam profile
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 new FONLL calculation agrees well with RHIC data

 new preliminary d+Au data shows that strong Au+Au suppression is 
not from cold nuclear matter effects

 looking forward to separated c/b using displaced vertices with VTX 
and FVTX detectors

HEAVY FLAVOR SUMMARY
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c

c

c

c
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Quarkonia Production
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New J/ψRAA result at forward rapidity
[arXiv:1103.6269v1]

 new measurement at 1.2<|y|<2.2 with  
reduced statistical and systematic 
uncertainties.

 still shows stronger suppression at 
forward rapidity

 let’s study J/ψsuppression using 

information from
 p+p (production mechanism)
 d+Au (cold nuclear matter 

effects)
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  new measurement of J/ψ yield in the mid 
and forward rapidities  color octet state may cross part of the 

nuclear matter as a pre-resonant state

[arXiv:1105.1966]

[arXiv:1003.4319]
[PRD81,014020 (2010)]

[PRL100,032006]

[PRD82,012001 (2010)]

J/ψ Production Mechanism 

 only models with color octet formation 
describe the data

  J/ψ polarization measured to be small
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Fraction of J/ψ yield from excited states 
in p+p collisions in |η|<0.35 

[arXiv:1105.1966]
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Fraction of J/ψ yield from excited states 
in p+p collisions in |η|<0.35 

[arXiv:1105.1966]
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Trying to understand J/ψ suppression 
in Au+Au collisions...

[arXiv:1103.6269v1]
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Trying to understand J/ψ suppression 
in Au+Au collisions...

[arXiv:1103.6269v1]
 Tc ~ 170 MeV

T/Tc1 2 3

χc
ψ’
J/ψ

spectral function estimations

 inverse slope of thermal photons 
measured by PHENIX  is 
221±28MeV  [PRL104, 132301 (2010)]

 hydro models fitted to the 
thermal photon data suggest 
Tinit ~300-600 MeV

 who survives?

 if J/ψfrom ψ’ and χc  fully suppressed RAA drops to 0.6

 42±9 %
 (in p+p)
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PHENIX covers Bjorken x ranges where 
EPS09 expects 

 suppression (shadowing region)
 suppression-enhancement transition
 enhancement (anti-shadowing)

Probing Cold Nuclear Matter effects 
Eskola, Paukkunen, Salgado, 

JHEP04 (2009) 065

LO

1.2<y<2.4-2.2<y<-1.2
|y|<0.35

Au

d
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 final RdA from 2006+2008 p+p 
data and 2008 d+Au data

Probing Cold Nuclear Matter effects 
[arXiv:1010.1246]
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 final RdA from 2006+2008 p+p 
data and 2008 d+Au data

Probing Cold Nuclear Matter effects 

 EPS09 + J/ψ breakup in hadronic 
matter describes Minimum Bias RdAu 
data

 expected because EPS09 nPDF 
modification is geometry integrated

[arXiv:1010.1246]
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What about Centrality Dependence?

 EPS09 needs an impact parameter 
dependence

 let’s try linear thickness dependence

[arXiv:1010.1246]
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What about Centrality Dependence?

 EPS09 needs an impact parameter 
dependence

 let’s try linear thickness dependence

[arXiv:1010.1246]

 good for central events
 over predicts at forward rapidity in 

peripheral events

 what about the ratio between central 
and peripheral d+Au events (Rcp)?

 linear dependence does not work
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rT

rT

density weighted longitudinal 
thickness

Understanding RdA

fi(rT)

trial nuclear modification function

[arXiv:1010.1246]

no physics assumptions
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1.2<y<2.4-2.2<y<-1.2 |y|<0.35

a=0

[arXiv:1010.1246]
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1.2<y<2.4-2.2<y<-1.2 |y|<0.35

 nuclear modification requires a 
quadratic or higher order dependence

a=0

[arXiv:1010.1246]

 scan different values for the 
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1.2<y<2.4-2.2<y<-1.2 |y|<0.35

 nuclear modification requires a 
quadratic or higher order dependence

a=0

[arXiv:1010.1246]

 by the way, reasonable agreement 
with CGC model as well 
[Kharzeev and Tuchin, Nucl. Phys. A770, 40 (2006)]

 scan different values for the 
strength “a” in RdAu formula 
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0-20% 20-40%

40-60% 60-88%

PRELIMINARY
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Preliminary J/ψ  RdA vs pT at mid rapidity

 [Darren McGlinchey’s poster]

|y|<0.35
Suppression of 30% at low pT for the 
most central d+Au

implies 50% suppression in central Au
+Au at low pT mid rapidity

Powerful constraint for cold nuclear 
matter effects on our Au+Au

Ongoing work to quantify CNM effects
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J/ψ in lower energy Au+Au collisions

 energy comparison: same detector, rapidity range and centrality

 no p+p reference at 62 GeV and 39 GeV, using yield relative to  
peripheral events (Rcp)

 suppression similar in all energies given the current uncertainties
 but, CNM effects expected to be different 

[presented on Tuesday by Abhisek Sen]



Cesar L. da Silva - Quark Matter 2011 - Annecy, France 25

1.2<y<2.4-2.2<y<-1.2 |y|<0.35

 but, CNM effects expected to be different

Eskola, Paukkunen, Salgado, JHEP04 (2009) 065

1.2<y<2.4 |y|<0.35 -2.2<y<-1.2
39GeV
62GeV
200GeV
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Υ(1S+2S+3S) signal and results

p+p

d+Au

Au+Au

|y|<0.35

|y|<0.35

PHENIX

STARresult coming up

result coming up
[Shawn Whitaker’s poster]
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 MORE RESULTS FROM RHIC

 first centrality dependence of Υ suppression in Au+Au

 J/ψ doesn’t flow at RHIC - challenge for coalescence models

 [presented on Tuesday by Zebo Tang]
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QUARKONIA CONCLUSIONS

 PHENIX observed no change in J/ψ suppression over a wide 
range of energies

 geometry dependence of the nuclear effects experimentally 
studied 

 a large fraction of the J/ψ suppression in Au+Au collisions could 

be explained simply by dissociation of the excited states of 
charmonium

 Υ has been studied in several systems and different rapidity 
ranges

 STAR results show Υ is suppressed in central events and no 
flow of J/ψ
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QUARKONIA CONCLUSIONS

 PHENIX observed no change in J/ψ suppression over a wide 
range of energies

 geometry dependence of the nuclear effects experimentally 
studied 

 a large fraction of the J/ψ suppression in Au+Au collisions could 

be explained simply by dissociation of the excited states of 
charmonium

 Υ has been studied in several systems and different rapidity 
ranges

 STAR results show Υ is suppressed in central events and no 
flow of J/ψ Merci
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BACKUP SLIDES
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trigger 
HF➞electron

3<pT,e<4 GeV/c

p+p
Au+Au

e-hadron correlation [PRC83,044912 (2011)]

how HF couples with the medium?
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e-hadron correlation [PRC83,044912 (2011)]

conditional yield ratio
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 no significant observation of 
nuclear modification at near side

 hadrons from
 D/B meson decays (main source)
 heavy quark fragmentation
 HQ interactions w/ matter

conditional yield ratio
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e-hadron correlation [PRC83,044912 (2011)]

 similar pattern with hadrons from light quarks but 
large uncertainties prevent a strong conclusion

 expected large fraction of gluons in away side
 same path length for the same parton -> same IAA

 no significant observation of 
nuclear modification at near side

 hadrons from
 D/B meson decays (main source)
 heavy quark fragmentation
 HQ interactions w/ matter

conditional yield ratio

2-3 GeV/c electron -> <pT>meson = 4.3 GeV/c
3-4 GeV/c electron -> <pT>meson = 5.6 GeV/c
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Going back to J/ψ in Au+Au collisions...
[arXiv:1103.6269v1]

 Cold Nuclear Matter effect based 
on

 EPS09+breakup cross section

mid rapidity
forward rapidity
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Going back to J/ψ in Au+Au collisions...
[arXiv:1103.6269v1]

 Cold Nuclear Matter effect based 
on

 gluon saturation (CGC)
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Going back to J/ψ in Au+Au collisions...
[arXiv:1103.6269v1]

 Cold Nuclear Matter effect based 
on

 naive energy loss scenario 
ΔE/E ~ 0.005/fm2 * L2

mid rapidity
forward rapidity
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Low and high pT J/ψ in Au+Au collisions
PHENIX [arXiv:1103.6269v1]  STAR Preliminary

STAR J/ψ pT>5 GeV Au+Au

 no clear trend for RAA(pT) in PHENIX measurement

 caveat: in STAR  plot stat+sys uncertainties are represented at blue bands

 significant suppression at high pT in central events relative to peripheral in STAR

Au+Au
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Low and high pT J/ψ in Au+Au collisions
PHENIX [arXiv:1103.6269v1]  STAR Preliminary

STAR J/ψ pT>5 GeV Au+Au

 no clear trend for RAA(pT) in PHENIX measurement

 caveat: in STAR  plot stat+sys uncertainties are represented at blue bands

 significant suppression at high pT in central events relative to peripheral in STAR

1-centrality (ATLAS)

ATLAS J/ψ pT>6 GeV

 agreement between STAR and ATLAS result when using arbitrary centrality

Au+Au




